China introduced its stringent family planning policies from the early 1970s, known as the "Later, Longer, Fewer" policies, and followed it with the One-Child Policy from 1979. The number of children born to Chinese parents significantly decreased from 5.7 in late 1960s to 2.5 in 1988. In Chen and Fang (2019), we show that family planning policies have drastically different effects on elderly parents' physical and mental well-beings. Whereas parents more exposed to the family planning policies consume more and enjoy slightly better physical health status, they report more severe depression symptoms. In this paper, we present a more complete picture of the difference in mental health among residents in rural and urban areas, between males and females, between different education groups, between those with one child and those with more than one children, and between widowed and non-widowed. We highlight the role of family support (from children and spouse) for the mental health status among the elderly Chinese.
Introduction
It has been almost fifty years since China initiated its family planning policies in the early 1970s, when a raft of intensified family-planning policies, including the famous "Later, Longer Fewer " campaign, was introduced. In 1979, a more stringent and better-known One-Child Policy came into effect. Figure 1 plots the time series of China's total fertility rate. The rate declined drastically from 5.7 in 1969 to 2.7 in 1978 (Lu and Zhai, 2009) , and during the succeeding decade, however, the rate only marginally dropped to 2.5 children in 1988. 1 These family planning policies ushered in China's "qualityquantity" trade-off, whereby Chinese couples have fewer children but make more investment to each of their children.
[ Figure 1 About Here]
The early cohorts of Chinese parents affected by the family planning policies are now turning into their sixties and seventies. In Chen and Fang (2019) , we showed that the smaller number of children born to Chinese couples following the family planning policies has drastically different implications regarding the parents' physical wellbeings and their mental healths in their old age. On the physical wellbeing side, it can be argued that the reduction in the number of children does not necessarily lead to a deteriorated old-age life for two reasons. First, having fewer children spares resources that can be redirected to parents. The reallocation of resources leads to an improved nutrition intake (Wu and Li, 2012) as well as a higher body mass index (Canning and Schultz, 2012) . Moreover, child-raising can be stressful for parents. Having fewer children also reduces parents' burden of childbearing and may benefit their physical and mental health (Gove and Geerken, 1977; Umberson and Gove, 1989;  Cáceres- Delpiano and Simonsen, 2012) . Second, parents can turn to other measures as the substitutes of children for old-age security. For example, it has been well documented that Chinese households increase their savings in response to the family planning policies (Banerjee et al., 2010; Curtis et al., 2015; Choukhmane et al., 2016; Ge et al., 2018) . Indeed, in Chen and Fang (2019) , regarding physical well-being, we find that parents with greater exposure to the family planning policies maintain a higher level of consumption. Their physical health is slightly better, and they spend less on medical services.
In contrast, the impact of family planning policies on the elderly parents' mental well-being is much less optimistic. The reduction of the quantity of children due to family planning policies is likely to lead to less companionship, visitations, co-residence, or having children living nearby. The quality-quantity trade-off would imply that children will be more educated, and more educated children are more likely to be mobile and live away from their birthplaces. Therefore, the countervailing channels that may offset the negative effect of fewer children on the parents' physical well-being do not necessarily apply for mental well-being. First, the elderly who are more affected by family planning not only have fewer 1 Total fertility rate aggregates the fertility behavior of a group of people at a given time. Women of child-bearing age (15-49 years) are divided into several five-year age groups. Dividing the number of children born to women of a specific age group by the number of women in that group generates the age-specific fertility rate. Summing up the age-specific fertility rates and multiplying them by five gives us the total fertility rate. The total fertility rates represent the number of children a hypothetical woman would give birth to if she immediately went through her entire fertile history given the fertility pattern of the current population. children to accompany them but also receive fewer contacts and visits per child. What makes things worse is that children with better education and higher income are even less attached to their parents.
That is to say, the quantity-quality tradeoff is pushing children further away from parents in terms of geographic proximity. Second, whereas parents can save their earned income when they are young to prepare for the old-age life, they can never "save" children's company. We find in Chen and Fang (2019) that parents more exposed to the family planning policies are more likely to be depressed, and the effect is larger for women and rural parents. Therefore, our study calls for greater attention to the elderly's mental health.
We would like to emphasize that the mental health status of the elderly is of first-order policy importance. China's national elderly suicide rates (ESR) are four to five times higher than the Chinese general population and more than twice the global average of the ESR (Li et al., 2009) . The share of suicides committed by the elderly aged 65 or above monotonically increases from 16.9% in 1987 16.9% in to 41.2% in 2014 16.9% in (Zhong et al., 2016 .
In this paper, we consider the broad picture of the mental health among the near retirement Chinese population, focusing on the differences in the measures of mental depressions between urban vs. rural population, rich vs. poor provinces, male vs. female, educated vs. uneducated, those with one child vs. those with more than one children, widowed vs. non-widowed, as well as the age profiles of these measures. We will then draw some policy lessons from these data patterns. Our study complements but differs from Ichimura et al. (2017) , who carry out an international comparison among the elderly population in China, Japan, and Korea. Our study solely focused on the mental issues of the elderly Chinese, with greater emphasis on the age pattern, the role of children, and how the number of children interacts with the age pattern. For example, one novel finding of this study is that parents wither fewer children would experience a steeper increase in depressive symptoms as they become older.
The remainder of the paper is structured as follows. In Section 2, we describe the main data set used for our analysis; in Section 3, we conduct a basic comparison of the elderly mental health landscape between the U.S. and China; in Section 4, we present the descriptive patterns on how various potential influencing factors are correlated with elderly mental health in China; and finally in Section 5, we conclude and discuss the policy implications of our findings.
Data and Variable
The data we use for this analysis is the China Health Aging Retirement and Longevity Study (CHARLS), waves of 2011, 2013, and 2015. CHARLS is a nationally representative sample of Chinese residents aged 45 and older, and is the sister study of the U.S. Health and Retirement Study (HRS).
The survey covers 150 counties/districts in 28 provinces in mainland China. Different from Chen and Fang (2019) who focus on a sample of individuals aged 60 or more, we use the sample of individuals aged 45 or more in this paper. We use the sample weight in CHARLS throughout our analysis.
The measurement of mental health we use is the CES-D scale (Center for Epidemiologic Studies Depression Scale). CES-D is a brief self-report questionnaire to measure the severity of depressive symptoms. CHARLS asks ten questions related to depression, eight of which are about negative behaviors and two of which are about positive behaviors (see Appendix B for more details). For the eight negative behaviors, we assign 0 points to "rarely or none of the time"; 1 point to "some or a little of the time (1-2 days a week)"; 2 points to "occasionally or a moderate amount of the time (3-4 days a week)"; 3 points to "most or all of the time (5-7 days a week)." Points are assigned in the opposite order (from 3 to 0 points) for the two positive behaviors. Summing up the points from ten questions gives us the CES-D scale ranging from 0 to 30. The threshold for depression is 10 (Andresen et al., 1994) . The share of missing values of CES-D is about 12.4%. The missing values originate from two sources. First, depression-related questions are asked only if the main respondent is present. Second, even if the main respondent is present, he/she may choose not to answer some questions. Following the standard procedure , we will code the scale to missing if two or more items are missing. Figure 2 presents how mental health (measured by CES-D) is associated with self-rated life satisfaction and self-reported health. The box becomes darker when moving towards the lower-right corner, suggesting the elderly who are less satisfied with life or feel less healthy report more severe depressive symptoms. Interestingly, when we calculate the correlation matrix in Table 1 , we find that the life-satisfaction is more closely related to mental health (correlation=0.329) than self-reported health (correlation=0.206) and this pattern is consistent across all the subsample (female/male, rural/urban).
Of course, we cannot establish the causality of mental health upon life satisfaction. However, the empirical facts above suggest that mental health status at least serves as a strong indicator for subjective well-being.
[ Figure 2 About Here]
[ Table 1 About Here] When choosing the influencing factors of mental health, we focus on variables that are mostly predetermined before people get old and cannot be reversely affected by the health status of the elderly.
Those factors fall into three categories: basic demographic variables (gender and age), socioeconomic factors (such as hukou (rural/urban), education, region (western/middle/eastern)), and family-related information (such as number of living children, and widowhood). We try to avoid variables that would respond to the health status of the elderly, such as living arrangements, financial transfer, and medical expenses. Table 2 reports the summary statistics of our data. Our sample on average were 60.3 years old and have 2.71 children; 70.1% of them have rural hukou; 52.9% are female; 13.0% are widowed elderly. Elderly Chinese are generally poorly educated-one-fourth of them are illiterate, and only 36.8% received some post-primary education.
[ Table 2 About Here] 3 Challenges Faced by the Elderly Chinese: a China-U.S. Comparison Table 1 shows that over 30% of the elderly Chinese report to be depressed (CES-D≥10). However, we cannot judge the severity of this number without a benchmark. We attempt to understand the challenges in the mental health issues faced by the elderly Chinese through a China-U.S. comparison.
Note that the international comparison can be tremendously difficult and our discussion here is more suggestive than conclusive.
Because CHARLS in China is a sister study of HRS in the U.S., it is natural to use those two studies for the comparison purpose. We restrict the CHARLS sample to those aged above 50 to match the age range in HRS. We also pick two waves in HRS (2012 and 2014) to make the time range close between the two studies. However, the central difficulty is to construct a comparable index for mental health status.
CHARLS adopts a CES-D 10 scale with ten questions. HRS instead adopts a CES-D 8 scale with eight questions only. Two scales share six common questions. They are: felt depressed; felt everything I did was an effort; sleep was restless; (positive) was happy; felt lonely; could not get "going." Therefore, we construct a new index using only those six questions. Note that the combination of six questions is not a standard way to measure depression in the psychology or medical literature and its validity is subject to debate. A second difficulty is that the number of options is also different. CHARLS has four options for each question (from "rarely or none of the time (<1 day)" to "most or all of the time (5-7 days)." HRS has only "yes" or "no" option. For example, "Much of the time during the past week, you felt depressed. Would you say yes or no?"
To make the China-U.S. comparison, we first take six common questions from CHARLS and HRS.
Then we transform the four options in CHARLS to yes/no answer. We try two methods. One is to treat frequencies≥3-4 days a week as "yes." The other is to treat frequencies≥1-2 days a week as "yes." Figure 3 compares the newly constructed CES-D scale for six common questions. Even with the more conservative method that treats ≥3-4 days a week as "yes," Chinese elderly report more depressive symptoms than their U.S. counterparts through the entire elderly life.
[ Figure 3 About Here]
We complement our previous discussion with a more subjective (but also more extreme) measureage-specific suicide rate. We take the year 2017 as the benchmark. The U.S. suicide data come from the CDC (Centers for Disease Control and Prevention), and the Chinese data come from China Hygiene and Health Statistical Yearbook 2018. Figure 4 presents interesting findings. Whereas the youth suicide rates are much higher in the U.S., the rates are flat when people get old. The suicide rates are generally low for the Chinese youth, but they begin to rise quickly since the mid-50s. The situation is more worrisome for the elderly in rural China. The combination of Figures 3 and 4 reveal the challenge of mental health issues for the Chinese elderly, more so than their American counterparts.
[ Figure 4 About Here]
Potential Influencing Factors for Mental Health
We discuss in this section potential influencing factors for mental health. We first present important heterogeneity (across hukou, gender and age) in the mental health status in the elderly population.
We then show how socioeconomic factors are correlated with mental health. Next, we highlight the importance of family companions from children and spouse. We conclude this section with a regression analysis that simultaneously incorporates previously mentioned factors.
Population Heterogeneity in Mental Health
Rural (Female, respectively) residents have worse mental health than urban (male, respectively) residents. Figure 5 plots the kernal distribution by hukou status and gender, respectively. The occurrence rate of depression is as high as 35.4% for rural residents, compared to a rate of 22.5% for their urban counterparts. Women are more likely to feel depressed than men do (37.7% versus 24.6%). Table 2 reports the summary statistics of the four groups. 2 Unsurprisingly, the rural-urban difference is huge in almost every aspect. Urban residents are better educated, have fewer children, and report fewer depressive symptoms. They also self-report to better enjoy life and have a better health status. The rural-urban discrepancy casts a shadow on the mental-wellbeing of the rural elderly, which echoes their higher suicide rates ( Figure 4 ).
[ Figure 5 About Here] The measurement of mental health (CES-D scale) is constructed from ten subjective questions. Can the heterogeneity above simply originate from one or two questions? Table A1 divides the CES-D scale into ten smaller items and suggests this is not the case-rural and female residents get higher scores on all ten depressive symptom than their urban and male counterparts. This consistent pattern gives some support to the robustness of CES-D scale as a measure of mental health. Figure 6 plots the age pattern for four groups (rural, urban, female, and male). The depressive symptoms become more severe for the older population, which is consistent with the fact China's suicide rates start to rise rapidly with age after the mid-fifties ( Figure 4 ). Figure 6 also shows that the gender gap in CES-D is stable across age, but the rural-urban gap seems to become larger as people become older. This is again consistent with the pattern of the suicide rates-the rising trend with age is more salient in rural China.
[ Figure 6 About Here] Table 3 reports the summary statistics by groups of age (45-54, 55-64, 65-74, 75+) . CES-D scale rises steadily as people age. The increase is largest from age 45-54 to 55-64 (mean CES-D scale increases from 7.07 to 7.83). The scale becomes relative stable afterward. Note that the no-response rate becomes high when people reach age 75 (28.7%), which is not surprising because the elderly need to answer those questions on their own. If we assume the elderly who are not able to answer those subjective questions themselves have worse mental health, the situation of mental health of the elderly Chinese could be even worse than that suggested in the data. Table A2 presents the age pattern of each CES-D question.
Up till age 75, people report more depressive symptoms in nine out of ten questions as they turn older (the only exception is "bothered by things that don't usually bother me"). The largest contributor to the increase in CES-D is that older people are feeling less hopeful about the future.
[ Table 3 About Here] It is worth emphasizing here that rural-urban differentials are also partially in line with the positive correlation between mental health and SES. Urban elderly are generally believed to be economically better off and they also enjoy better mental health. Fang and Feng (2018) provide a comprehensive review of the pension system in China. Rural and urban residents fall into different pension schemes, a fact which explains an important part of the inequalities in the pension system. Urban employees are either entitled to the Basic Old Age Insurance (BOAI) for enterprise employees or to the more generous Public Employee Pension (PEP) for civil servants and employees in the non-profit public sector. BOAI has a target replacement rate (pension benefit as a percentage of pre-retirement wage) of 59.2% (the rate is as high as 75-90% back to the mid-1990s), and PEP has an even higher replacement rate of 80-90%. In contrast, the pension system in rural China is vacant until the establishment of New Rural Resident Pension (NRP) in 2009. The national-wide replacement rate is as low as about 20% of rural per capita net income.
Socioeconomic Factors and Mental Health

Companion from Family Members
We discuss in this subsection the importance of family members (children and spouse) on elderly' mental well-being. Previous studies stressed social isolation as an important risk factor for depression (Cappeliez and Flynn, 1993) and claimed that children play vital roles in parents' social network and in preventing loneliness in old age (Bures et al., 2009) . Two important changes in the past several decades can cause future elderly Chinese feel more lonely compared with the earlier cohorts. First, as a result of both the strict family planning policies and the rapid economic development, younger cohorts are likely to end up with very few children when they become old. Second, in the background of mass migration, the size of the migrant population reached 247 million in 2015. 3 Because of the high living costs and difficulty in obtaining the local hukou in destination cities, a large proportion of the population migrate on their own-creating problems of not only left-behind children but also left-behind elderly. Previous studies uncovered the association between having migrant children and older parents' increased depressive symptoms (Connelly and Maurer-Fazio, 2016; Song, 2017) . Figure 9 highlights the importance of children. Admittedly, more dedicated work is necessary to draw a causality inference, but Figure 9 presents two patterns that suggest children can play a vital role in elderly's mental health. First, it is unclear that the elderly with more children have a higher level of depression. Recall that SES is negatively associated with depression (Figures 7 and 8) and is also negatively associated with fertility. The lack of a positive association between fertility and depression suggests the positive impact of children offset the disadvantage of SES. Second and more importantly, people with fewer children would experience a faster increase in CES-D as they grow old. The rising trend is most prevalent for single-child parents (the red line). To the best of our knowledge, this observation is novel in the literature.
[ Figure 9 About Here] The age pattern of parents' mental health in relationship to the number of children documented in Figure 9 suggests a potential reason for the low fertility desire by the current generations of Chinese parents. A typical explanations for low fertility desire is the high financial cost of raising children;
but Figure 9 highlights that higher mental stress from having two or more children when parents are younger than 65 could be another reason. The mental health benefits of having two or more children are not experienced by the parents until they are 65 or older, but they have to endure much more mental stress until then. Previous literature has documented both time and financial pressure of children for young parents (Milkie et al., 2009; Cáceres-Delpiano and Simonsen, 2012; Ruppanner et al., 2019) . This life-cycle trade-off of the mental costs from raising one vs. two or more children can also play a role in parents' low desired fertility. Figure 10 presents the association between widowhood and depression symptoms. Unsurprisingly, female are more likely to be widowed, especially for the very elderly. There are two notable findings.
First, widowed elderly report much higher CES-D scores. Second, the gap between widow and nonwidow is especially large before the seventies, when widowhood is not that prevalent. This suggests the unexpected early widowhood is especially detrimental to one's mental health status. Figures 9 and 10 highlight the crucial role of family members' companion in the mental well-being of the elderly Chinese.
[ Figure 10 About Here]
Children and Mental Health in the United States
A novel finding from Figure 9 is that the number of children is associated with the age profile of the mental health-parents with fewer children would experience a faster increase in depression symptoms as they become older. It is helpful to understand whether this pattern is unique in China, probably due to some China-specific factors such as the One-Child Policy. We plot in Figure 11 similar age profiles for the U.S. elderly using the 2012 and 2014 waves of HRS. Recall that the measurement of CES-D in HRS is different from that of CHARLS. It contains eight instead of ten questions (with one question being positive) and simplified four frequency options to a yes-or-no answer.
[ Figure 11 About Here]
We observe both differences and similarities from the China-U.S. comparison (Figures 9 and 11 )whereas the general age patterns of mental health are different in two countries, having too few children seems to be problematic for the very elderly in both countries. Different from a steadily-increasing age profile since mid-forties in China, the age profile of CES-D in the U.S. gradually declines until the early seventies and then starts to increase. Note that the elderly in the U.S. with only one child also experience the steepest increase since the early seventies. Another interesting finding from Figure 11 is that mental problems generally decrease if parents have fewer children-but only if the number of children is two or more (4+ children>3 children>2 children<1 child). The elderly with only one child have worse mental health than those with two children. The main takeaway here is that children play a vital role in the mental health status of the elderly in both China and the U.S., and we should pay attention to the effect of children on the age profile of depression in addition to the level of depression.
A Regression Framework
Previous subsections investigate different influencing factors one by one. Table 4 adopts a regression framework that incorporates those factors in a single equation. 4 The regression results confirm that our previous findings still hold while controlling for other covariates. Residents with urban hukou are less likely to be depressed; mental health becomes worse as people become older up until age 75; 5 bettereducated people have better mental health; widowhood is detrimental for the mental well-being of the elderly.
[ Table 4 About Here]
The coefficients of the number of children (and its interaction with age) worth further attention.
Columns (1), (3), (5) and (7) do not control the children-age interaction and seemingly suggest the association between number of children and mental health status is weak. However, new patterns show up after we control for the children-age interaction (columns (2), (4), (6) and (8)). Parents with fewer children are mentally better-off at age 45 but have a steeper depression-age profile. Take the results from Column (2) in Table 4 as an example. The CES-D scale of a woman with only one child is 1.324 4 Table 4 uses the number of currently living children as the measure of children number. Alternatively, Table A3 instead uses the number of children ever born. Those two numbers can differ because of adoption and children's early decease. The two tables yield almost identification results.
5 Because of the high chances of missing CES-D for elderly people aged over 75, the coefficients before aged 75+ should be interpreted with caution. lower than that of a woman with more than four children. However, after each year the woman with single child would experience 0.058 more increase in CES-D, which means her mental health would turn worse after age 68, relative to a woman with more than four children.
Conclusion and Policy Implications
After four decades of rapid economic growth, the material needs of the Chinese people are increasingly satisfied. We foresee that people's mental well-being will receive growing attention in the future. We look into the mental health issues among the elderly Chinese in this paper using three waves (2011/2013/2015) of CHARLS data. We have three main findings. First, we document the generally worrisome situation of the mental health status of the Chinese elderly. More than 30% of the elderly Chinese are diagnosed as depression (CES-D≥10). The situation becomes worse as they become older.
The suicide rate (number of committed suicide per 100,000) is 3.57 for the urban population aged 45-49.
This rate experiences an almost three-fold increase to 14.03 in the next 30 years (75) (76) (77) (78) (79) . The rise in the suicide rate is even more salient for the rural elderly-from 6.11 in age 45-49 to 31.57 in age 75-79.
Second, we identify several factors that are associated with an even worse mental health status: being women, having rural hukou, living in inland provinces, and being less-educated. These findings help to pinpoint the elderly who need greater attention. Third, we highlight the crucial role of spouse and children in supporting the mental well-being of the elderly. Widowhood, especially early widowhood, is disastrous for one's mental health. One novel finding of this study is that the negative consequences of having fewer children do not show up when the parents are not that old (in their forties or fifties). But their mental health gets worse at a faster pace compared to parents with many children.
Our empirical analysis has important implications for the evolution of the mental health status of the Chinese elderly in the future. There are good news and bad news. The good news is: future Chinese elderly are much better-educated and have a higher SES status, which is beneficial to their mental health. Increasing urbanization rates and a more mature pension system can also improve their mental well-being. The bad news is: with the enforcement of family planning policies, they will end up with much fewer children, which can be a potential concern. Greater social interaction (e.g., community elderly care) can be a possible substitute for the decreasing psychological support from children. Of course, to what extent social support can substitute family support is an open question. Note: *, **, *** (°,°°,°°°) means statistically significant different at 10%, 5%, 1% for rural-urban (female-male) comparison. Standard deviations are in the parenthesis. Note: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors are clustered at the household level. Community fixed effects and survey year fixed effects are also controlled for. (2) (3) (4) (5) (6) (7) Note: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors are clustered at the household level. Community fixed effects and survey year fixed effects are also controlled for.
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